isms, opportunistic pathogens, such as Pseudomonas spp. and human pathogens, such as Legionella pneumophila. 9 Whilst many of these organisms may originate from incoming mains water supplies, of concern is the detection of micro-organisms commonly found in the oral cavity, 9,12,13 such as Candida spp. and Streptococcus spp. It seems prudent therefore that reasonable efforts should be made to ensure that potable (drinking water) quality water emerges from dental unit handpieces. Current BDA guidelines 14 recommend flushing of water lines in between patients although high microbial loads may still persist. 6, 15, 16 The problem of microbial contamination of dental unit waterlines (DUWLs) is compounded by the intricacy and complexity of dental units for which there appear to be no immediate solutions. The long-term solution to the problem lies in redesigning the water supply system within dental units to eliminate stagnant areas and biofilm build up. In the shorter term, disinfectants may have a role to play in controlling the levels of microbial contamination within dental unit water lines to more acceptable levels.
AIM
To assess the efficacy of a biofilm removal agent (citric acid and Sodium-p-toluolsulphonechloramide <0.2%) and disinfectant (EDTA and sodium tosylchloramide) solution marketed under the trade name of Alpron (Quality Water Specialists Ltd, Yorkshire) for the control of microbial contamination of DUWLs.
METHODS

Alpron disinfectant
The disinfectant system marketed as Alpron comprises a three component system specifically designed for the removal and control of biofilm formation within the narrow bore plastic water lines of a dental unit. The initial biofilm removal solution consists of a 1-2% sodium hypochlorite solution applied to the DUWLs at an initial temperature of 50°C for a period of 30 minutes. This is followed by a second solution containing alkylamines, complexing agents, tensides and defoamers applied to the DUWS at an initial temperature of 60°C for 30 minutes. The third solution, a 1% solution of sodium-p-toluolsulfonechloramide and sodium ethylenediamine tetra actetic acid (1% Alpron) was added to the reservoir that supplies the water to the dental handpieces and triple syringe.
• This paper suggests that the use of Alpron disinfectant may play a short term role in controlling microbial contamination of DUWLs.
• The methods described could be readily used in general dental practice.
• Dental staff and patients should benefit from the reduction in microbial loads in DUWLs.
I N B R I E F
Dental units
The dental units used in this study were manufactured by A-Dec and were approximately five years old. The water supply to the handpieces and triple syringe was provided by the reservoir containing the 1% Alpron solution. An internal control was provided by the water supply to the cup filler, derived from the hospital mains water supply via the dental unit's internal plastic pipework. An external control was provided from the wash hand basin taps adjacent to each unit, the water supply for which was derived from the main hospital water supply.
Sampling
Samples were collected at baseline and six days after the initial disinfection treatment, followed at weekly intervals for six weeks. Further samples were taken at 10 and 13 weeks. Following collection, each specimen was placed in a coolbag with ice packs whilst being transported to the laboratory. Specimens were returned to the laboratory for processing within one hour of collection.
Sample processing
Equal volumes of sample water were added to 5 ml of inactivating solution (3% Tween 80, 3% Saponin, 0.1% histidin and 0.1% cystein as per manufacturer's instructions). Samples were analysed for total viable counts (TVCs) at 22°C and 37°C using a standard pour plate method. 17 Briefly this comprised taking 1 ml of the water sample and dispensing into four empty sterile 90 mm plastic petri dishes followed by the addition of 20 ml of molten water agar to each plate and mixed well. The agar was allowed to set at room temperature. One set of plates were incubated at 22°C for 72 hours and the other set of plates at 37°C for 24 hours. Appropriate controls for each agar batch are assessed for sterility by pouring an agar plate with no sample for each time and temperature combination used. The colonies on each plate are counted immediately after incubation using an Anderman counter. The results are expressed as the mean number of colony forming units per ml (CFU/ml) of sample computed from the duplicate plates. demonstrated that most units maintained a pattern of low microbial contamination for six weeks. After the six-week period, two units demonstrated TVCs in excess of 100 cfu/ml at weeks 10 and 13. There was no significant change across the untreated control (cup filler) and unit tap water for 22°C TVCs.
Baseline 37°C TVCs from the DUWL outlets revealed a wide range of counts (0-100,000 CFU/ml). There was no significant difference in the 37°C TVCs between the dental unit outlets and the tap water. Following treatment the 37°C TVCs from the majority of the high speed and triple syringe outputs remained at low levels (< 10 CFU/ml) throughout the period of the investigation (Tables 1 and 2 ). An analysis of the counts from the individual units of the water from the high speed outlets (Tables 1-4) revealed that at one week post Alpron treatment, two units had 37°C TVCs >10 CFU/ml. By week two all units had 37°C TVCs below 10 CFU/ml. This persisted until 10 weeks post treatment when one unit had 37°C TVCs greater than 10 CFU/ml and at week 13 there were two units that had TVC's >10 CFU/ml. The triple syringe 37°C TVCs fell below 10 CFU/ml after treatment with Alpron solutions and remained below this level for 13 weeks. There was no significant change across the untreated control (cup filler) and unit tap water for 37°C TVCs. No mechanical problems were reported for any of the dental units during the trial period.
DISCUSSION
This study describes the use of a disinfectant solution that appears to disrupt biofilm contaminating dental unit waterlines and maintain low microbial counts over a reasonable time period. The dental units selected for investigation in this study were several years old and had a significant degree of microbial contamination. The units were located in a busy emergency clinic within a dental teaching hospital to closely simulate usage patterns in a general dental practice.
In this study we have used the guidelines 17 for TVCs recommended for potable (drinking water ) quality of 10 CFU/ml at 37°C and 100 CFU/ml at 22°C, although there are no statutory levels for potable water 18 we considered these levels a reasonable guide for quality potable water.
Statistical analysis
The microbial count data was entered and analysed in Minitab (version 12). Baseline median counts were compared using a Mann-Whitney test. The log 10 TVC results from the four outlets investigated were analysed at four time points (Baseline, 1 week, 6 weeks and 13 weeks) using a generalised linear model approach. Follow up comparisons (suitably adjusted for multiple comparisons) were used to identify significant differences between time points.
RESULTS
Use of the disinfectant Alpron considerably disrupted the biofilm lining DUWLs as evidenced by the material ejected from dental units after treatment (Fig. 1) . The effect of the disinfectant on microbial counts in water from DUWL's are presented in Tables  1-4 . The baseline median TVCs at 22°C from the triple syringe and high speed water lines in the six dental units surveyed were significantly higher than the corresponding counts from tap water supplying the units (P = 0.005).
Using the generalised linear model (Figures 2-5 ) at time points of baseline, 1 week, 6 weeks and 13 weeks there was a statistically significant drop of 22°C log 10 TVCs from baseline counts in the water from outlets that had undergone treatment with the Alpron solutions. That is, the triple syringe and high speed water outlets (both P = 0.001), with significant decreases in log 10 TVC at week 1 and week 6 compared with the baseline for the high speed line and the triple syringe. An analysis of the microbial counts from each of the six units included in the study (Tables 1-4 ) (2) 24 (2) 2 (2) 2 (0) Baseline 1525 (0) 4875 (0) 100,000 500 (1) 1695 (0) 2625 (615) (100,000) (4) 184 ( (2) 262 (4) 214 ( (18) 158 (2) 4 (2) 0 (0) There have been several attempts to reduce the microbial contamination of dental unit water lines including autoclaving of handpieces, handpiece replacement between patients, flushing of the unit prior to use, 'anti-contamination' devices to prevent retrograde aspiration of oral secretions into the water supply line, 19 connection to a separate water supply (for example, connection to bottles of distilled water), ultra-violet radiation disinfection and the use of in-line water filters. 3, [20] [21] [22] Many workers have suggested treatment with various disinfectant solutions, including hydrogen peroxide, 23 chlorhexidine gluconate, 24 sodium hypochlorite, 25, 26 chlorine dioxide, 27 povidone-iodine, 28 Listerine mouthwash 29 and electro-chemically activated water. 30 These have been developed and implemented in many dental practices with mixed long-term results. The most commonly used procedure of flushing the handpiece with water prior to use may lower bacterial counts 6, 15 but high levels of microbial contamination can still persist. 6, 15, 16 The disadvantages of the system described in this report are that it requires a water reservoir for application of the biofilm removal solution. The bottled water system is also necessary for the continual dosing of the water lines to suppress microbial growth and since the water is being used as a coolant, this will result in fine sprays of a weak disinfectant being generated in the dental surgery environment. However the product has achieved the necessary European regulatory clearance for use in this application. Dental units that do not have a water reservoir system would have to have one fitted retrospectively.
The biofilm removal system and disinfectant appears effective in disrupting the biofilm contamination of dental unit waterlines. The results from this study suggest that one course of treatment may be effective for at least 13 weeks under these operating conditions. It may be prudent after 6 weeks to reassess the microbial counts from a treated dental unit in light of the increased counts exhibited by several units at the 10 and 13 week period. In the light of increasing counts the manufacturers recommend a subsequent treatment with the biofilm removal solutions. The manufacturers supply materials for assessing microbial re-growth in dental unit water samples. Whilst the use of Alpron reduced microbial counts in the water supplying the triple syringe and handpieces, we still recommend that sterile water for irrigation should be used for all surgical procedures.
CONCLUSION
The long-term solution to the control of microbial contamination of DUWLs will depend upon redesigning the water flow through dental units. In the shorter term, disinfectants such as Alpron, may play a role in reducing microbial counts from DUWLs to more acceptable levels.
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